Introduction: Brain rate is parameter correlated to brain electric and metabolic activity. Aim: The aim of this study was to analyze the results obtained for brain rate parameter as an indicator for general mental arousal in anxious patients and to compare them with results of healthy young people matched in age and gender, as well as with anorectic and hyperactive children.
INTRODUCTION
Mental arousal (as a general activation of the mind) is characterizing the level of consciousness, irrespective of its content [Kahneman, 1973] . In 2005 we introduced a relevant parameter -brain rate (expressing the mean frequency of brain rhythms i.e. EEG-spectrum weighted frequency) for calculation of mental arousal [2] .
Brain rate can be considered as an integral brain state attribute correlated to brain electric, mental and metabolic activity. In particular, it can serve as a preliminary diagnostic indicator of general mental activation in addition to heart rate, blood pressure or temperature, as standard indicators of general bodily activation.
In our research it was shown that as a measure of arousal, brain rate can be applied to discriminate between the groups of under-arousal and over-arousal disorders, as well as the subgroups within "mixed" 10.2478/prilozi-2019-0002 disorders, in particular the attention deficit hyperactivity disorder. Also, by comparing eyes closed and eyes open brain rate values, the diagnosis of inner arousal can be simply achieved.
In addition, brain rate values can be correlated to the sleep profile, helping to assess the quality of sleep. In biofeedback treatment, brain rate can be efficiently used as a multiband biofeedback parameter, complementary to few-band parameters and skin conduction. Hereby, it is especially suitable to reveal the patterns of sensitivity/rigidity of EEG spectrum, including frequency bands related to permeability of corresponding neuronal circuits, based on which the individually adapted biofeedback protocols can be elaborated.
Brain rate can be calculated by the following formula:
(Where the index i denotes the frequency band (for delta i = 1, for theta i = 2, etc.) and Vi is the corresponding mean amplitude of the electric potential or power).
Interpretations of results of brain rate need experience and good knowledge of specific QEEG pattern according to age and developmental stage, especially during childhood. As very illustrative we will cite an example from ref. [2] that fb = 4.59 for an adult would correspond to a very drowsy state (or mental retardation) and a relaxed state for a child, while fb= 9.58 would correspond to a relaxed state for an adult, and a very attentive (or anxious) state for a child.
Starting from the assumption that different brain rate values are somehow coupled with metabolic activity in different disorders, it is very interesting to compare it with the same parameter of normal (healthy) subjects. The aim of this study was to analyze results obtained for brain rate parameter, as an indicator for general mental arousal in young anxious patients and to compare them with the results of healthy people on the same age and gender. Additionally, some comparison between results obtained for ADHD children and anorectic patients will be discussed.
Generalized anxiety disorder in childhood is characterized by recurrence of excessive, disproportionate and intrusive concerns or worries (related to child's performance at school, sport activities, physical health, family financial situation, catastrophes, possible disasters) in a period of one month at the least. Abnormalities in brain functioning in anxious children and young patients are quite often approved by neuroimaging techniques.
METHODS AND PARTICIPANTS
The examined subjects were divided into two groups -patients with General Anxiety Disorder, and control group of healthy children. The first group comprised 40 anxious young people; mean age 12 (±3.5) years. Girls were 17 (42.5%) and 23 (57.5%) were boys. The control group comprised 25 healthy children, selected by chance and matched by age and gender with the group with GAD.
All subjects were patients of the Department for Psychophysiology at the University Pediatric Clinic in Skopje. The diagnosis was made according to two statistic manuals: DMS-IV-R (American Psychiatric Association: Diagnostic and statistical manual of mental disorders DSM-IV, 4th Ed, 1994) and ICD-10 (World Health Organization: The ICD-10 classification of mental and behavioural disorders. Diagnostic criteria for research, 1993). Medical history, neuropsychological assessment and QEEG has been realized in all examinees.
Inclusion criteria were: age between 7 and 18 years; absence of actual neurological impairment and absence of the use of psychoactive or psychotropic substances (screened by a previous anamnesis and clinical examination). All subjects had normal or corrected to normal vision. Informed consent for QEEG recording has been appropriately obtained from all participants/caregivers. Anxious group was assessed with psychological testing comprising Generalised Anxiety Scale-GASC and Eysenck Personnality Questionnaire-EPQ in a single session; Subjects were free of any medication 48 -hours before testing and were asked to have good sleep a night before testing. They all had to have a meal before testing to avoid effects of hypoglycemia on the brain function. They were seated in a comfortable chair with a backrest and were instructed not to move their eyes during the recording. The obtained results were analyzed, exported to brain rate software and then calculated for each region separately. The QEEG spectra power data and the brain rate data were analyzed using Statistica software (version 10.0). A series of repeated measures analysis of variance -Factorial ANOVA was performed using the factors: sagittal topography (frontal, central and posterior region), measurement condition (EO, EC, VCPT and ACPT) and group (disorder and controls) for spectra power values. Additionally, post hoc Bonfferoni test was performed to explain significant interactions of obtained data.
RESULTS
Firstly, we will present results for calculated power spectra for anxious vs healthy children in different positions.
Fig 1. Delta power in sagittal topography

Fig 2. Delta power in lateral topography
As can be seen the main difference is obtained in frontal region, where children with anxiety had significant smaller delta power comparing with healthy control.
Calculated post hoc Bonferoni test for delta power shows statistical significance (Table 1) . For theta spectral power in both position significant differences between anxious and control group were obtained (p< 0,001), which is confirmed with post hoc Bonferoni test. Spectra power for alpha bend in sagittal and lateral position is presented in Fig 5 and Fig 6 . Statistical significance of differences in both position for alpha spectral power between anxious and healthy children is confirmed with post hoc Bonferroni test (Table 3) . Finally, obtained spectra power for beta band in both positions is presented in Fig. 7 and 8 . Statistical significance of differences is confirmed with post hoc Bonferroni test (Table 4) . As it was mentioned before, we calculated the brain rate parameter for an anxious group in both positions (sagittal and lateral) for measuring general mental arousal.
Brain rate results for anxious patients are presented in Fig. 9 and 10.
Fig 9. Values of brain rate fb parameter according to sagittal topography in a group of anxious patients and control group of healthy children (the results are presented as Mean values ± SD F=13.46; p<0.001)
According to sagittal topography fb parameter in the anxious group has higher results only in the frontal region. In a group of healthy controls the results show statistically significant higher values for central and posterior regions.
The values of brain rate fb parameter according to lateral topography have statistically significant correlation with factor group F (3,310) = 6.14; p=0.00046 especially for midline region. However, the healthy group showed a higher brain rate (higher arousal).
Fig 10. Values of brain rate fb parameter according to lateral topography in a group of anxious patients and control group of healthy children (the results are presented as Mean values ± SD F=6.14; p<0.0046)
In Table 5 post-hoc Bonferroni P-values for brain rate difference between groups, regions and conditions (group of anxious patients and control group of healthy children) is presented. BRAIN RATE PARAMETER IN CHILDREN WITH GENERAL ANXIETY DISORDER In a previous research we evaluated groups of anorectic and ADHD children using the same methodology. For comparison with anxious children, we show some statistical calculations of evaluated groups.
According to lateral topography the ANOVA/MANOVA test showed positive correlation of fb parameter values with factor group with significantly higher values in healthy group. The higher values were obtained for the anorectic group, followed by anxious and then ADHD children. It means that arousal is higher in healthy children which was not expected.
According to lateral topography, as was showed, maximal fb parameter values were obtained in anorectic group and a group of healthy controls F =22.51; p=0.0000. Post hoc Bonferoni-test was used for establishing the differences between groups according to different regions and different conditions. In this research we started from the hypothesis that anxiety behavior which is basic for all three conditions (anxiety, anorexia and ADHD) can be the result of excess in beta activity. Accordingly, we expected that the results will suggest the condition of hyperarousal in examined patients vs healthy controls. The obtained results were opposite -we received low spectral power for all four bands (delta, theta, alpha and beta), especially for slow bands which could be assumed as specific marker for brain dysfunction. In general, the highest results for brain rate parameter were obtained in a group of healthy children and the lowest results for the group of hyperactive children.
The general conclusion which follows is that pathological conditions in children analyzed in this research, can be defined as conditions of hypoarausal and this can be specific sign for brain dysfunction. However, we must be aware that results obtained with QEEG and brain rate computing are just the framework for further scientific investigation. However, every child is individual story and the treatment must be adjusted according to the individual results and individual based protocols.
Brain rate parameter according to sagittal topography has higher values for anxious group only in the frontal region related to increased mental tension. As it is known, anxiety is defined as a subjective sense of worry, apprehension, fear and distress. When severe, it can affect a child's thinking, decision-making ability, and perceptions of the environment, learning and concentration. Basal instability in cortical arousal, as reflected in measures of quantitative electroencephalography (QEEG), is common in most of the anxiety disorders. According to Clark et al. resting electroencephalographic (EEG) measures tend to correlate with symptom sub-patterns and be exacerbated by condition-specific stimulation [5] . There is not much literature for detection of the anxiety states through EEG, and they are considered as complex emotional states [6, 7] .
Additionally, we analyzed the results between the groups according to sagittal topography and maximal values of brain rate parameter were obtained in a group of healthy individuals in the central and posterior region. Only for anorectic and anxious group of children we received statistically significant higher brain rate values in the frontal region which probably explains increased mental tension, because the frontal region contains most of the dopamine-sensitive neurons in the cerebral cortex. In the frontal region the maximal values were obtained in a group of anorectic patients -F (9, 1416.6) = 26.36; p=0.0000. According to the lateral topography again, the maximal values were obtained in a group of anorectic and healthy individuals. The lowest results were obtained in a group of hyperactive children for all three regions -F (9, 1416.6) = 22.51 p = 0.0000. According to the conditions the maximal brain rate parameter values were obtained in eyes closed condition which reflects the state of "inner-arausal" already noted in previous studies of Pop-Jordanov and Pop-Jordanova [19] and Cooper et al. [20] .
We started from the assumption that different brain rate values are somehow coupled with me tabolic activity in the brain region. Low metabolic acti vity specific for mental disorders is the explanation for lower values of brain rate in comparison with healthy controls.
According to all these findings abo ut the meaning of some EEG markers in the assessment of brain functions in the childhood we would like to pro mote the brain rate -fb as an indicator of general mental activity which can allow us to put the analyzed groups in the group of underarousal disorders. Of course, fur ther research is needed.
